The ability of Clostridium histolyticum to elaborate potent proteolytic enzymes has been well established by the work of numerous investigators (Blanc and Pozerski, 1920; Jennison, 1945; Howes et al., 1955; Mandl, Zipper, and Ferguson, 1958) . The studies of MacLennan, Mandl, and Howes at Columbia University (1953) , Altemeier, Coith, Culbertson, and Tytell at the University of Cincinnati (1951) , and Connell and Rousselot at New York University (1954) have indicated that the proteinases of this organism are capable of digesting burn eschars, and thus may be useful for the enzymatic removal of denatured tissue from the clinical burn wound.
The development in this laboratory of a semiquantitative method for measuring de- briding activity in vivo (Webster et al., 1961) has permitted the study of the strains of C. histolyticum and the culture media employed by other workers for the elaboration of the debriding enzymes. The purpose of this investigation was to study some of the nutritional and physiological factors affecting the production by this organism of enzymes which may be responsible for debridement, and to develop a medium which would give adequate yields and which would be amenable to purification and concentration procedures.
peptone medium, recommended for use with the H-4 and 230-2 strains, was prepared as outlined by MacLennan et al. (1953) . Stock and seed cultures were made as reported in the cited reference, except that, at the suggestion of J. D. MacLennan, 3% trypticase soy broth (BBL) with 1% proteose-peptone was used as the seed medium in place of nutrient broth. The caseindigest medium, recommended by M. A. Logan for use with the CHT strain, was prepared as described by Boyd, Logan, and Tytell (1948) , except that glucose was omitted. All media used in this study were initially adjusted to pH 7.4 or 7.5 unless otherwise indicated.
Assays. 1) Debriding activity:-Debriding activity of culture filtrates was measured in vivo by the technique reported elsewhere (Webster et al., 1961) .
2) Ovomucinase:-Ovomucinase assays were done by the method described by Formal and Lowenthal (1956) .
3) Azocaseinase:-Azocasein was prepared from Hammersten casein by the method described by Charney and Tomarelli (1947) , as modified by A. A. Tytell (1956, personal communication) . The casein was first suspended in a sodium acetate solution (in place of sodium bicarbonate) with vigorous stirring and with the addition of 1 N NaOH to maintain the pH at 7.0 (solution A). Solution A was then mixed with a sulfanilamide-NaNO2 solution (solution B), the pH adjusted to 8.5, and the mixture allowed to react, with stirring, for 2 hr. The azocasein was precipitated by acidification to pH 4.5, washed twice with water, twice with acetone, once again with water, resuspended in 2 liters of water, and adjusted to pH 7.0. This procedure furnished a stock solution of approximately 2,300 ml of a 2.0% solution of azocasein which was stored at -20 C.
The culture filtrate samples were diluted (in an ice bath) in a 0.1 M tris(hydroxymethyl)-aminomethane (tris) buffer (pH 7.5), containing 0.01 M CaCl2 and 0.5% proteose-peptone (Catris-PP), and 1 ml of this dilution was added to 1 ml of cold Ca-tris buffer. The preparations were placed in a 37 C water bath for 60 sec, then 2 ml of a 1:5 dilution of azocasein in 0.1 M tris buffer, at 37 C, was added. Exactly 30 min later, 6 ml of 5% trichloroacetic acid were added and the insoluble precipitate removed by paper filtration. An equal volume of 1 M NaOH was added to 5 ml of filtered sample and the samples were read in a Coleman Junior spectrophotometer at 425 m,u. The arbitrary unit utilized in these studies was obtained by comparison to a standard curve with proteinase A (supplied by A. A. Tytell, of Merck, Sharp and Dohme, Inc.) at pH 7.0. It was determined by nitrogen assays that 3.8 of these units digested 1.0 mg of azocasein under the conditions of assay described above. Standard curves from 5 to 25 units were determined with each assay. 4) Collagenase:-Undenatured collagen was prepared by the method of Einbinder and Schubert (1951) as modified by I. Mandl (1956, personal communication) . The purified collagen was cut and screened and only those particles which would pass a no. 10 sieve but not a no. 60 sieve were used for the assay procedure. Collagenase activity was determined by a modification of the method of Tytell and Hewson (1950) . To 25 mg of substrate were added 0.2 ml of chilled culture filtrate dilution (in Catris-PP) and 5 ml of cold 0.02 M borate buffer (pH 7.5), containing 0.01 M CaCl2 and 0.15 M NaCl, in an ice bath. The mixture was placed in a 37 C water bath for 18 hr, following which the undigested collagen was removed by filtration. Filtrate nitrogen on a 0.4-ml volume was determined by micro-Kjeldahl digestion with selenium-sulfuric acid, followed by nesslerization. A unit of collagenase was defined as that amount of enzyme which digested 1 mg of collagen as determined by nitrogen assay. A standard curve was prepared on the basis of these units. As a negative control, each lot of collagen was subjected to digestion with 0.2 mg of crystalline trypsin to ensure that it had not been denatured.
5)
Gelatinase:-A 2% purified pigskin gelatin (Eastman no. 5247) in Ca-tris buffer, containing 3,000 units of potassium penicillin G and 1,500 jig of streptomycin sulfate, was prepared and stored in the refrigerator. Two-tenths milliliter of chilled 2-fold dilutions of culture filtrate in Ca-tris-PP buffer was added to 3 ml of the gelatin. The gelatin-enzyme mixtures were placed at 37 C and thoroughly mixed. After 18 hr incubation, the tubes were placed at 4 C for an additional 24 hr to determine those mixtures which remained fluid. The gelatinase titer was the reciprocal of the highest dilution which completely destroyed the gelling property of the substrate.
RESULTS
Comparison of debriding activities of C. histolyticum culture filtrates. Three strains of C. histolyticum (CHT, H-4, and 230-2) and two types of media (casein-digest of Boyd et al. (1948) and proteose-peptone of MacLennan et al. (1953)) were compared for their ability to yield proteolytic enzymes which would debride third degree contact burns on guinea pigs. Each strain was cultivated in the medium recommended by the investigator who supplied the culture, and, in addition, the CHT strain was grown in MacLennan's medium to provide a basis for comparison. All cultures were incubated at 36 C for 18 hr and were then passed through a Selas filter (02 porosity) to obtain cell-free filtrates for application to burn sites on guinea pigs. The results of the guinea pig assays are given in Table 1 . The CHT strain grown in the proteose-peptone medium yielded a filtrate with slightly greater debriding activity than did the same strain grown in the casein digest medium. In the proteose-peptone medium the H-4 culture produced the greatest amount of debriding activity. Consequently, all further studies were carried out with the H-4 strain, using MacLennan's proteose-peptone medium as a ref-
Factors influencing the production of proteinases by C. histolyticum strain H-4. MacLennan's medium was originally developed to provide a high yield of a specific proteinase, i.e. collagenase. An investigation was initiated to determine the relationship between the constituents of this medium and the yield of other enzymes, specifically azocaseinase, gelatinase, and ovomucinase (Lowenthal and Berman, 1959) . This was accomplished by eliminating the various constituents from the medium, singly and in combinations. The results are summarized in Table 2 .
As previously reported by MacLennan, proteose-peptone was found to be the essential component for high proteinase yields. Elimina Here again, the PTV medium was superior to MacLennan's complete medium.
Attempts by MacLennan and by this laboratory to completely replace proteose-peptone with other protein digests were unsuccessful. However, when Casamino acids (Difco) were used in place of trypticase soy broth, somewhat lower enzyme yields resulted but with a theoretically significant reduction in ammonium sulfate precipitable material derived from the culture medium. Vitamins had no effect on yield in this medium. It was also found that a medium consisting of 2% proteose-peptone plus 2% Casamino acids (PCA) gave satisfactory enzyme yields and should result in much less precipitable nitrogen. This medium was therefore chosen for further comparative studies with MacLennan's and PTV media. The optimal temperature for enzyme production in this medium was found to be 36 The relation of time of incubation and concentration of enzymes with the H-4 strain of C. histolyticum in MacLennan's, PTV, and PCA media at their appropriate temperatures was followed for a period of 40 hr. A series of tubes of each medium was seeded at the same time, and at regular intervals during the incubation period duplicate tubes were removed and the contents filtered through Selas candles (02 porosity). The filtrates from the duplicate tubes were combined and were assayed for activity.
In all three media, azocaseinase and collagenase titers increased to a maximum at about 14 to 16 hr ( Fig. 1 and 2 ) and maximal azocaseinase levels were maintained for approximately 6 to 10 hr. The highest collagenase levels in MacLennan's and PTV media were maintained for 10 to 16 hr, whereas with the PCA medium, the maximal collagenase level dropped after approximately 2 hr. Similar results were obtained when samples were removed from a single large container at various intervals during the incubation period.
The influence of the initial pH of the medium on enzyme yields was investigated. For this study, 75-ml samples of each of the three media were adjusted to the desired pH levels by addition of 1 N HCl or 1 N NaOH. Each tube was inoculated with 0.75 ml of the seed culture and was incubated at the appropriate temperature for 18 hr. After filtration through Selas 02 filters, each filtrate was assayed for activity against azocasein and collagen. With MacLennan's medium, the highest yields of proteinases were obtained when the initial pH was 7.0 ( Fig. 3 and 4) . For the PTV and PCA media, the optimal pH appeared to be 7.5 to 8.0. In the PTV medium there was a sharp drop in azocaseinase yield when the initial pH was increased to 8.5, whereas conditions were still satisfactory for maximal collagenase production. Gelatinase and ovomucinase were produced in substantial quantities over a pH range of 6.5 to 8.0 but the assay methods for these enzymes were not sufficiently sensitive to determine variations within this range.
Debridement by filtrates of cultures in experimental media. Culture filtrates of each of the three media under comparison were diluted 1:10 in Ca-tris-PP buffer before application to third degree burns inflicted on the backs of guinea pigs. Preliminary tests indicated that filtrates so diluted would result in 25 to 75% 1200r- debridement. The results in Table 5 show that the filtrate of the PTV medium, which contained the greatest activity in vitro also was the most effective debriding preparation. Practicability of large scale production. Thirteen pilot plant lots (175 liters per lot) of clostridial filtrates were produced using the PTV medium, two lots using MacLennan's medium and one lot with PCA medium. For these, 75 ml of C. histolyticum strain H-4 seed culture were inoculated into each of 25 9-liter bottles containing 7 liters of medium. 408, 256, and 96, respectively . However, the one lot produced with PCA medium gave azocaseinase and mucinase results (300 and 32) below those obtained in the experimental studies. As a previous 7-liter lot with PCA agreed with the experimental results, the drop in titer may have been due to a decrease in ability of the organism to produce high titers of these enzymes after repeated transfer through the stock medium. The crude filtrates of all three media were used for purification and concentration studies, the results of which will be reported separately. The initial comparison of the culture filtrates obtained from three strains of C. histolyticum grown in two different media indicated that the H-4 strain cultivated in MacLennan's proteosepeptone medium resulted in a greater yield of debriding enzyme(s), as measured by the guinea pig assay in vivo. Accordingly, this strain was used for an investigation of the conditions of growth necessary to obtain higher yields of enzyme which may be responsible for debridement in a medium which would lend itself readily to subsequent purification and concentration procedures.
It was found that proteose-peptone provided an essential constituent for high enzyme yields, thus confirming the work of MacLennan et al. (1953) . However, elimination of added inorganic salts from MacLennan's medium resulted in a marked increase in azoeaseinase yield, suggesting that these inorganic salts either make some essential element unavailable to the organism or inhibit the activity of this proteinase. Further studies have shown that the auxiliary peptones in MacLennan's medium (trypticase soy broth) can be replaced by Casamino acids without sacrificing enzyme yields.
Reducing the proteose-peptone concentration from 5 to 2% and employing Casamino acids in place of trypticase soy broth provided a medium in which the organism still produced satisfactory levels of enzyme activity. The reduction in the precipitable nitrogen present in this medium affords a great advantage in subsequent purification and concentration procedures.
The optimal temperature for elaboration of the enzymes is dependent on the medium in which the organism is grown. In MacLennan's and PTV media, the maximal enzyme yields were obtained at 30 C, whereas in the PCA medium incubation at 36 C yielded maximal enzyme activity. The medium appeared to have only a slight effect on the enzyme concentration with time of incubation, maximal yields being obtained in all three instances after 14 to 16 hr incubation. Azocaseinase activity was stable for approximately 6 to 10 hr in all three media. However, collagenase was much less stable in the PCA medium than in MacLennan's or PTV media. Thus, after incubation for 24 hr in PCA medium, a filtrate can be obtained with a relatively high azoeaseinase titer and with a considerably reduced collagenase activity. 
